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ON THE PERMEABILITy OF POROUS MATERIALS 
By E. Carson Yates, Jr. 


SUMMARY 


The effects on porous-material permeability characteristics of the 
absolute pressure level (and associated scale effects), choking of the 
flow, bending the material, and other factors have been investigated. 
Samples of rolled 30 -by 250 -mesh Dutch weave Monel metal cloth 
l/16-lnch-thlck sintered bronze were calibrated with constant upstream 
pressiires of 1 atmosphere and 2— atmospheres (varying downstream pressure) 

3 

and with constant downstream pressure of 1 atmosphere (varying upstream 
pressure) . Experiments showed permeability characteristics to be appre- 
ciably affected by absolute pressure level, flow choking, and thickness 
of the material. Moderate bending of the material caused no noticeable 
change in the permeability. Simple calcxilation and correlation proce- 
dures are presented for determining permeability characteristics with 
reasonable accvcracy when experimental data are limited. 


INTRODUCTION 


Accurate eind comprehensive information on the permeability charac- 
teristics of porous materials is essential to the proper design of area- 
suction installations on wings, flaps, inlets, and wind tunnels. It 
was found in the course of designing a wing using suction through a 
porous material that available calibration information was not sufficient 
for predicting permeability, characteristics for the range of operating 
conditions (absolute pressure levels) anticipated. Since most previous 
calibrations (for exangile, refs. 1 and 2) were found to have been made 
with a single fixed relation existing between the Mach nimiber and Reynolds 
number of the flow, the effect on permeability of independent variation 
of these quantities (caused, for example, by differences of absolute 
pressure level) could not be evaluated. For example, if a calibration 
test is made with the upstream pressure held constant and the downstream 
pressure varied, it can easily be shown that the ratio of Reynolds num- 
ber to Mach nimiber (both based on upstream conditions) is a constant. 

In eidditlon, previous Investigations were found to include no information 
regarding choking of the flow following the occurrence of sonic velocity 
within the pores, bending the material, and, in the case of wire cloth, 
rolling the material. 
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The need for infonnatlon on the aforementioned factors is en^Jhasized 
by the following considerations. For a given pressure difference across 
a porous material, scale effects associated with absolute pressure level 
were believed to influence flow velocities. If this influence is appre- 
ciable, it should be considered in the selection of a porous material. 
Consideration of the limitation on inflow velocity Inposed by flow 
choking is iniportant in some Installations. For exan^jle, in wing-suction 
applications choking may be used advantageously to limit inflow over areas 
where large pressure differences exist, so that chordwise grading of 
permeability may be dispensed with. Bending the porous material could 
siffect permeability by changing the sizes of openings in the material 
and by changing the flow from one dimensional to two dimensional. These 
changes could have significant effects, for example, in flow near the 
leading edge of a wing. 

The investigation reported herein was undertaken to determine the 
Influence on the permeability of porous material of the aforementioned 
factors. Representative samples of wire cloth and sintered bronze (two 
samples of each) were calibrated by holding the iqjstream pressure con- 
stant at 1 atmosphere and varying the downstream pressure, by holding the 

upstream pressure constant at 2^^ atmospheres and varying the downstream 

3 

pressure, and by holding the downstream pressure consteint at one atmos- 
phere and va27ylng the t5)stream pressture. Testing in this manner yielded 
independent variation of Mach number and Reynolds number. The analysis 
includes comparison of the wire-cloth calibrations with a calibration for 
the same material bent to fom the leading edge of a wing model which was 
tested in the Langley 19-foot pressure tunnel. Data obtained in the 
Langley cascade aerodynamics laboratory for the wire cloth rolled to var- 
ious thicknesses are also shown. The analysis indicates methods for cal- 
c\ilating or estimating permeability calibration curves, and these methods 
are presented herein. 

The possible large effect on permeability of the presence of a com- 
ponent of the inlet velocity which is parallel to the porous surface 
(as discussed in ref. 5) is not considered herein. However, since the 
pores in the materials investigated are very much smaller than those in 
the perforated materials of reference 5, it is believed that the influ- 
ence of a parallel flow component in the present case would be consid- 
erably less than that reported in reference 5- 


SYMBOLS 


A cross-sectional area of venturi throat 

D effective diameter of pores, ft 

gravitational acceleration, ft/sec^ 


g 
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K porous-material flow coefficient 

M Mach number 

jP static pressure, Ib/sq^ in. or Ib/sq ft 

pressure drop across the porous material, p^ - p^, 
Ib/sq in. or in. 

q. dynamic press;are, Ib/sq^ ft 

R Reynolds number, 

T teniperat\ure, °F or °R 

t thickness of porous material, in. 

V velocity in test apparatus (flow considered to be one- 

dimensional), ft/sec 

a Darcy flow coefficient 

7 ratio of specific heat at constant pressure to specific 

heat at constant volimie 

|JL viscosity coefficient, slugs/ft-sec 

p mass density, slugs/cu ft 

Subscripts : 

d station just downstream of the porous material 

t station at the venturi throat 

u station just upstream of the poroias material 


DEFINITIORS 


The term "porosity" as used herein is defined as the percentage of void 
present in the porous material. 

Permeability is a qualitative term related to the resistance of the 
material to fluid flow. The greater the resistance, the less the 
permeability, and vice versa. 
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APPARATUS AM) TECHNIQUE 


APPARATUS 


The apparatus used in the tests with constant upstream pressiire is 
shown schematically in figure 1. It consisted of a 2- inch inside- 
diameter pipe with a flange, clamp plate, and gaskets at one end to hold 
the san 5 )le and a wooden venturi at the other end. Downstream of the 

^ inch-diameter- venturi throat was an exhaust pipe containing a gate 
valve for regulating the downstream pressure p^. 

The apparatus Tised in the tests with varying upstream pressvire is 
shown in figure 2. This apparatus was the same as that used for con- 
stant upstream pressure except that an additldnal length of 2-inch pipe 
was attached \q)stream of the san^ile, and the downstream pipe and valve 
were moved upstream of the entire setup. Fine wire screens were placed 
2 diameters upstream of the sample to help maintain flow uni formity. 

High and low pressure soiirces used were the Langley 19-foot pressure 
tunnel and the suction side of a centrifugal congpressor. 

Downstream flow velocities were determined hy applying one- 
dimensional- flow relations between stations d and t (figs. 1 and 2) 
as follows ; 


Vd 


2 

[Pd - Pt) 


M - 

^d 

\At/ 

— ' _ 


( 1 ) 


Continuity and Isothermal conditions were Tised to relate stations u 
and d. 


MATERIAL 


Two flat saii 5 )les of 30-hy 250-mesh Dutch weave Monel metal wire 
cloth were calibrated. The wire diameters for these samples were 
0.0080 inch for the wires that were 30 per inch and 0.0040 inch for the 
wires that were 250 per inch. The san 5 >les were rolled to a thickness 
of 0.017 inch from an original thickness of 0.026 inch. For pvirposes 
of this investigation, tests of wire cloth of other mesh dimensions were 
not made becatise examination of data available from the Langley cascade 
eierodynamlcs laboratory indicated that other meshes would have generally 
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similar flow characteristics. Restilts presented herein for the wire 
cloth are, therefore, considered to be typical. Inasmuch as the two 
wire- cloth samples are ostensibly identical, data are shown for only one 
of them. However, a 6-percent difference occurred between the flow 
velocities for the two samples at a given value of Zp. This difference 
gives some indication of the variation of permeability which may occur 
for a given thickness of wire cloth. 

In addition to the calibrations of the \rLre doth, calibrations 
were also made of two flat samples of -i^inch- thick sintered bronze. A 

16 

theoretical and experimental investigation of the permeability of various 
sintered metals is reported in reference 4. 


PROCEDURE 


In the calibrations made for this Investigation, three methods of 
pressure variation were lised. The first method enployed a pressure p^ 


upstream of the sanple of approximately 1 atmosphere and a variable 
suction pressiure p^ downstream; the second method eniployed p^^ of 


approximately 2^ atmospheres with a variable p^; and the third method 

3 

employed a variable p^ with p^ of 1 atmosphere. In every case a 

2-inch-diameter sample of porous material was open to the flow, and the 
resdts presented represent an average of conditions over the sample. 
Before each calibration the sample was thoroughly cleaned with acetone. 


The pressures indicated by the manometers shown in figures 1 and 2 
were recorded for various values of Zp. Reference tenperature and 
pressure were also recorded. For each value of dp, the flow velocities 
were obtained from the calibration equation (eq.. 1). 


ACCURACY 


The repeatability of the wire-cloth calibrations was determined by 
making several duplicate calibrations. The results indicated that the 
calibrations were repeatable within about 1 percent. No repeatability 
check was made for the sintered materials. The venturi calibration was 
based on the assumption of Inconpresslble flow in the venturi. This 
assunption resulted in a maximum error of about 1 percent at the highest 
velocities obtained. Calculations indicate that errors in the velocities 
caused by venturi scale effect were less than 0.6 percent. 
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RESULTS ARD DISCUSSION 


The basic permeability data axe presented as plots of against 

inasmuch as the quantity desired for boundary-layer- suction appli- 
cations is inflow velocity for a given pressm-e drop. Also, since the 
poroxis-material flow phenomena depend only on Mach number and Reynolds 
nimber, any dimensionless flow characteristic (for example, ^/Pu 

or Zp/q^) plotted as a function of M and R will completely describe 

the flow. For pirrposes of analysis, plots of this type are used herein. 
The particular form chosen for this plot for the wire cloth is 

as a function of for various values of the parameter R^/IM^. The 

quotient Ru/DM^ was chosen because this quantity is constant for cal- 
ibrations with constant p^^ and Tu. Since the length which appears 

in the expression for R is significant only in comparisons between 
different materials, and since only a single wire cloth is considered, 
this length has been eliminated from the Reynolds number by using the 
quantity Ru/D instead of R-^. For the sintered materials the Mach 
number effects were expected to be small, and therefore pre- 

sented ap a function of R for various values of R^DM^^. 


VORE CLOTH 

Effect of Mach Number and Reynolds Nxmiber on Permeability 


The differences between the calibration curves obtained by testing 
with the three xpstream-pressure conditions described previously are 
shown in figure 3- For the tests with p^ variable, the downstream 

pressure p^^ was atmospheric, and at small values of (valve nearly 

closed) the -upstream pressure p^^ was only slightly greater than atmos- 
pheric. This condition is very nearly the same as that which existed 
at low values of Zp for -fche tests at p^ = 1 a-fcmosphere, that is, p^ 

of 1 a-tmosphere and p^ slightly less than 1 atmosphere. Therefore,^, 
the c-urves for p^ = 1 a-tmosphere and p^^ -variable would be expected 
to lie very close together at small -values of Zp. Ry similar reasoning 
the curves for p^ = 2^ a-femospheres and p^^ -variable would be expected 

to- lie very close together at large -values of Zp. This beha-vlor of the 
experimental da-ta is shown in flginre 5- 

The da-ba of figure 5 are shown in figure 4 in the form of Zp/q^ 
as a fmction of M^ -vd.th R^j/DMu as a parameter. It is emphasized 
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that this plot completely describes the flow for the given material 
regardless of the differences in pressure magnitudes or tengjerature . 
Any other nondimenslonal presentation of the data may consequently he 
derived from this figure, and any correlation of the data must he con- 
sistent with these results. In addition to the curves for p^ = 1 


atmosphere. 


Pj, = atmospheres, and p 
3 ^ 


variable shown in figure hy 


contours are also shown for intermediate conditions of constant p^^ 

(and hence constant Eu/Itt^u) . These contours, obtained from cross plots 


of the three experimental curves, give complete calibration information 
over the entire Mach number and Reynolds number range covered by the 
tests. At low Reynolds numbers (ipper left portion of the contours of 
fig. If-), the relatively large spread between the contours indicates that 
sizeable scale effects occur in this range . The rapidly decreasing 
slopes of these portions of the curves of as a function of 

to inertial 


1 


are indicative of treinsltlon from creep flow 

flow = Constan"^. conparlson, scale effects 

small in the range of moderate and high values of 
right portions of fig. 4) . The upward turn of the 
increases is evidence of incipient choking. 


are relatively 

( center and 
“u 


contours as 


Ap 

Representation of a single calibration curve by ^ = Constant. - 

Figure shows that above the range of creep flow and below the range of 
choked flow the experimental calibrations may be approximated by lines of 

= Constant. For Pu = 1 atmosphere (fig. 4), the experimental ^ 

qu 

curve deviates from the mean value by as much as 6 percent for values of 

Mji between 1.6 x 10"^ and 4.0 x 10"^. However, solving — = Constant 

'lu 

for the velocity will give values of which deviate from the experi- 
mental values by less than 3 percent for 1.6 x 10"5 < < 4.0 x 10“5^ 

as is shown in figure 5. Th\is for a particular calibration curve. 


Vu‘= K 



( 2 ) 


where the constant is related to the orifice coefficient. A slightly 
modified form of this "orifice flow" equation was used in reference 5 
to investigate the efficiency of cowlings. 
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Equation (2) may be con^iared with the empirical equation 
Zp = Constant x used in reference 6. Calibrations of several 

porous materials and combinations of porous materials with p^ = 1 atmos- 
phere indicate that 1 < cp < 2, where the lower value corresponds to 
purely viscous (creep) flow and the higher value corresponds to purely 
inertial flow. 

Rou^ correlation of calibrations from V„ f/^V- Based on 
\^u/ 

figure 4 a correlation procedure can be developed which will permit the 
use of available wire-cloth calibration data (for exanple, curves of 

as a function of Zp, for p^ = 1 atmosphere) for design purposes at 

absolute pressiire levels other than the calibration pressure level. 


Figure 4 shows that for a given (and hence V^) in the range 

of high and moderately high values of R^, ^/<hi does not vary greatly 

with changes of R^. An increase in R^ of 125 percent yields a 
decrease in A?/<3^ of about 20 percent. Now if the ordinate of figure 4 
is multiplied by the resulting coordinate •^/p^ '”^411 also decrease 


by 20 percent at a given (or, approximately, at a given V^) . It 

is seen from equation (2) that :^or constant p^ (and T^), Zp is pro- 
2 

portions! to , so that for a given zp/p^, will increase by 

about 10 percent as R^ Increases by 125 percent, Therefore, a roiagh 
correlation of the data at moderate and hl^ velocities for the three 
vqpstream-press\3re conditions may be obtained by presenting as a 

function of Zp/p^. Such a plot is shown in figure 6. This type of pre- 


sentation is essentially the same as that used in reference 5^ where 

was given as a function of fp/p. For the Reynolds number range of the 
present tests the correlation is rough, but for Zp/p^ greater than 

about 0.2, any one of the curves would serve as a reasonable approxima- 
tion to the other two. The difference remaining between the calibration 
curves of figure 6 is, of course, entirely due to scale effect. From 
figures 4 and 6 it is concluded that beyond the region of creep flow, 
calibrations for wire cloth are not greatly alfected by variation of 
Reynolds number, at least in the range of pressures and Reynolds numbers 
covered by this investigation. However, the curves of figure 4 and the 
difference remaining between the calibrations of figure 6 show that scale 
effect is related to absolute pressure level. Further dlsctission of 
scale effects in a theoretical and experimental stvidy of the flow resis- 
tance of sintered metals may be found in reference 4 and in the section 
herein entitled "Sintered Metal." 
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In the selection of wire cloth for a given InstaUatioh, the plot of 
against ^/p^. could he used (at least at the higher values of V^) 

to obtain an initial estimate of permeability regardless of absolute 
pressure level because the velocity spread is little more than the 
6-percent spread which occurred for the two ostensibly Identical samples. 
In other words, for selecting a porous material whose resistance is pri- 
marily inertial, the effect on permeability of a difference between 
design and calibration absolute pressure levels may be approximately 
taken into account sin^jly by plotting the peimeabillty curve as the var- 
iation of with /p/py^. An empirical attempt to correlate calibra- 

tions between different materials is given in references 7 and 8. 

The experimentally observed relation = f (^) .- In the analysis 
of the calibration data it was observed that for all three upstream 
pressure conditions (p^ ?= 1 atmosphere, p^ = 2^ atmospheres, and p^ 

variable), plotting against ^ (fig. 7) tends to bring the three 

sets of data into coincidence, at least mtil the curve for p^ = 1 

atmosphere diverges because of choking. The correlation shown in fig- 
ure 7 Indeed, so good that a single curve may reasonably be faired 
throvigh the data. Figure 'J, however, ml^t best be considered as an 
illiistration of the fact that a particular correlation might be obtained 
for a particular material in a particular range of test conditions, even 
thou^ such correlation may not have general applicability. In the 
section which follows entitled "Sintered Metal" is shown an even more 
striking correlation obtained for a sintered bronze, where tests of 
similar materials failed to show similar correlation. An occurrence of 
this sort shows that correlation based on anything but the fundamental 
variables, ^fech number and Reynolds number, should be used only with 
great caution. 

Coii5)arison of and effects of choking.- In the prepara- 

tion or use of calibration data, it is Important to recognize that a 
considerable difference may exist between the magnlt\ides of and V^. 

Inasmuch as some calibrations have been presented without distinction 
between upstream and downstream velocities, figure 8 includes a conpar- 
Ison of and • for 0.017-lnch and 0.0l8-lnch wire cloth. The 

curves were calcxjlated from the V■^ curves by considering the flow 

through the material to be isothermal. 

In the range of small values of Zp, Vd and are nearly equal. 

But as /!p increases, the loss of total pressure becomes large, choking 
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occurs in the pores, and Increases very rapidly. Therefore, 

is not a good approximation to at large values of Strictly 

speaking, after the flow in the pores is completely choked, Vu remains 

constant for all values of /p. However, figure 8 shows a continvilng 
slight rise in which is believed to be caused by the presence of 

subsonic boundary layers on the wire elements. These boundary layers 
will permit some slight increase of upstream velocity with increasing 
pressure drop, even thou^ the external flow regions are fully choked. 


Effect of Rolling the Isfeterial 

The effect of rolling on the permeability of metal filter cloth 
is shown in figure 9 a-s obtained ftom data taken in the Leuigley cascade 
aerodynamics laboratory. Rolling or hammering the material apparently 
has little effect on the form of the calibration curve but changes only 
the magnitude of the velocities. Ekich curve shown for the rolled mate- 
rial can be found from any one of the other curves by multiplying the 
ordinates by a constant factor. 

Figure 10 is a cross plot of the data of figure 9» This plot and 
the other data examined indicate approximately linear variation of 
downstream velocity with thickness, at least over the range of 

thickness presented. The scatter of some of the points of figure 10 is 
attributed to the fact that the thicknesses were determined with a pre- 
cision no better than ±0.0001 inch. Differences between the permeabil- 
ities of two samples of the same thickness were mentioned previously in 
the section entitled "Material". The relation between permeability and 
porosity is further discussed in reference 9 , and a semienplrlcal rela- 
tion between and porosity is given in references 1 and 10. 


Effect of Bending the Material 

Figure 8 presents a couparlson of and curves for flat 

and cvurved specimens of the 30- by 250-mesh filter cloth. The curve 

for the O.OlT-lnch thickness is that of the present investigation. The 
V■^ curve for the 0.0l8-lnch thickness is the calibration for a porous 

leading edge as installed on a sweptback tapered wing model which was 
tested in the Lan^ey 19- foot pressure tunnel. The leading-edge radius 
of the poroTis part of this wing varied from 0.5^0 inch to O.307 inch, 
measured perpendicular to the leading edge. 
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A comparison of these curves for indicates that the amount of 

bending present in the model leading edge caused no noticeable change 
in the form of the curve, although more extreme bending mlg^t possibly 
produce a change . The curve for the 0 . 0l8-inch material can be computed 
from the curve for the 0.017-inch material by multiplying the ordinates 
by a constant factor. The magnitudes of the velocities are likewise 
unaffected by this amount of bending because the difference in magnitude 
between the two curves is accounted for by the difference in thick- 

ness of the two samples. 


SMTEKED MEJEAL 


Calibration curves are shown in figure 11 for two samples (desig- 
nated A eind B) of sintered bronze similar to that used in references 6, 
11, and 12. For con5)arlson, the calibrations for the wire cloth (fig. 3) 
and for the sintered bronze of figure 7 of reference 13 are included. 

The curves for samples A and B (fig. U) show a variation with 
absolute pressure level similar to that for the wire-cloth calibrations. 
This variation is not in agreement with the results shown from refer- 
ence 13. The tests of reference 13 yielded the same calibration curve 
for p^j of 1 atmosphere, for py^ varying higher than 1 atmosphere, 

and for p^ varying lower than 1 atmosphere. In view of this difference 

of resvilts each set of data, that is, for sample A, sample B, and the 
sample of reference 13, was examined for consistency within Itself. 

This examination was made as follows: 

The dimensionless quantity ^ (Euler number) is in general a 

q. 

function of Mach number and Reynolds number. (See, for example, fig. 4.) 
For the sintered materials considered herein, it was anticipated that 

the flow resistance would be primarily viscous, so that ^ ~ ^ would 

q. 

be predominantly a function of R. If Mach nuniber effects are actually 

Pii - P 

negligible for a given poro-us material, then — = - should have the 

q. 

same value for a given Reynolds number regardless of absolute pressure 
level. Since the flow is approx im ately isothermal, and since tempera- 
ture differences between calibrations for each sample were not large 

(these conditions are assumed to apply also for ref. 13), ^ = Pu^u 

is tised instead of R. In order to represent the flow in the pores. 
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the quantity ^ ~ muBt he evaluated within the poroxis material. 

q. 

Since no measurements of conditions within the materials were available^ 
the averages of upstream and downstream conditions were -used. Thus, 

p = and 



Pu 



2 


The quantity ~ is plotted against RhA* ^ figure 12 for samples A 

and B of the present Investigation and for the data of reference 15 . It 
should be noted that this figure is analogous to figure 4 for the wire 
cloth. 


Figure 12 shows that al 1 three sets of data are consistent within 
themselves. The downward displacement of the points for p^ = 1 atmos- 
phere for sample B is caused by cca^>ressibility effects since, for a 
given Rp-A^ "this curve represents appreciably higher velocity within 


the material than the 


p = 2i atmospheres 
u 5 


and p^ variable curves. 


The explanation for the Insensitivity of the data of reference 15 to 
absolute pressure level is indicated by consideration of the slopes of 
the calibration curves. If the flow in the pores is completely vIscoiib 
in nature, and if compressibility effects are negligibly small, the flow 


will be described by Poiseullle's equation V = k where k is constant 

for a given material. (See refs. 2 and 14.) Thus, in the range of very 
low velocities the slntered-metal cadJ-bratlon data would be expected to 
be Independent of absolute pressvcre level. 


The Polseioille equation is based on flow with constant density. 

As increased, the flow density chsinge through the material became 

appreciable, and the flow became of the Darcy type. This type of flow 
may Involve appreciable density change, but the flow resistance remains 
predominantly viscous. Correlation of the data on the basis of Darcy's 
equation 


or 


p, ,2 - a p„V, 


■u 


^ 2 - ^ Vu 

\ Pu/ 


a 


( 5 ) 
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is shown in figure I5. It may he observed from figure 13 that, since 
the relation between mass flow p^V-^ and ”pressure-square difference" 

_ p^2 ig exactly linear, the flow Is not a pure Darcy flow. 

The relation between the Darcy equation and the PoiseulUe equation is 
discussed in reference I5. Equation (5) shows that for the Darcy- type 
flow, curves of V-g^. against /p should be affected by absolute pressure 

level. 

As ^ increased further, inertial resistance became evident. 
Increasing Inertia forces caused the slope of the curves (fig. 11) to 
decrease as velocity increased. (See also ref. 2.) In this range of 
higher velocities, absolute pressure level should again affect the 
calibration curve. This condition may be Illustrated as follows: 

Reverting to icpstreain. flow conditions and ignoring Mach number 

effects causes the general functional relation — = f(M, R) to take 
the f 01m ^ 


^ = f(R) (h) 

9u 

In figure Ik this relation is shown to hold reasonably well up to 
choking. Curves of the type shown may be represented enpirically by an 
equation of the form 

^ = AR^-2 (5) 

where A and n are in general variable. Substituting for q^ and R 
and rearranging gives 

= i (fi) 

or applying the equation of state gives 

(7) 

where the gas constant has been absorbed into the parameter B. If B is 
constant, for n = 1, equations (6) and (7) reduce to the form of the 
Poiseuille equation, eind for n = 2, they reduce to the inertial flow 

An 

relation — = Constant. 
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Since the curves of figure l4 may he approximated hy straight lines 
over a wide range of fRe parameters B and n in equation (7) 

may he considered constant, and the eqiiation may then he vised to indi- 
cate the relative extent to which p^^ affects the calibration. In the 

velocity range helow about 5 feet per second, the data shown in figure 11 
from reference 13 show varying with the I.I7 power of V^. With 

this value being used as the value of n, it may easily he shown that only 
the 0.17 power of p^^ appears in the expression for iip, and hence abso- 
lute pressure level affects the calibrations of reference 15 to the 
exbent of only ±5 percent at = 5 feet per second. At higher veloc- 
ities, n becomes greater, and the effect of absolute pressure level 
should be more noticeable. For conparison, below = 5 feet per sec- 
ond, sample A showed Zip varying with the 1.26 power of Vu for 

Pu = 1 atmosphere and with the 1.35 power of for p^ = 2^ atmospheres. 

5 

At a given velocity, if the magnitude of pressure (and hence density) 
is Increased, dynamic pressures are increased, and so the inertial resis- 
tance of the material is increased. This increased resistance tends to 
shift that portion of the permeability curve (fig. 11) to the right. 

The’ increase of density, however, increases the Reynolds number and hence 
decreases the Zip required for a given dynamic pressure (fig. 12) . This 
condition tends to shift the permeability curve to the left. It is 
believed that these opposing effects coincidentally cancel each other 
for the material of reference 13 . 

It should be noted in passing that the occurrence of a linear rela- 
tion between /2p and Vu is not svifficient to indicate a Poiseviille 
flow. Equation (3) indicates that for the Darcy flow. Zip will vary 
linearly with Vu if p^ is varied in such a way that ^ = Constant. 

Also, for example, solving simultaneously the equations ^ = Constant 

and /ip = Constant x Vu indicates that linear variation of Z!p with 
Vu may be obtained for isothermal, flow with purely inertial resistance 

if Pu is varied so that = Constanb^ 

Pu 


CONCLUSIONS 


The permeability characteristics of representative samples of wire 
cloth and sintered metal have been Investigated by means of flow cali- 
bration tests made over an independent range of Mach number and Reynolds 
number. The results and comparison with other data revealed the 
following Information: 
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1. Since the permeability characteristics of a given porous mate- 
rial depend only on Mach number and Reynolds number, values of absolute 
pressure and ten 5 )erature affect the usual calibration curve of upstream 
velocity as a function of pressure drop by changing the Mach number and 
Reynolds manber of the flow. 

2. In the absence of complete experimental data, a rapid estimate 
of the variation of velocity with pressure drop for wire cloth may be 
obtained by assuming that the ratio of pressure drop to upstream dynamic 
pressure is a constant. The results may be expected to be reasonably 
accinrate up to conditions where appreciable choking occurs in the pores. 

5 . For a given wire cloth, the spread between calibrations obtained 
by using different absolute pressure levels can be greatly reduced by 
plotting upstream velocity against the ratio of pressure drop to upstream 
pressure . 

4. When the thickness of wire cloth is reduced by rolling or 
hammering, the velocity downstream of the material varies almost linearly 
with thickness for a given pressure drop, at least within- the range of 
this study. 

5. Variations of velocity with pressure drop for wire cloth are not 
noticeably changed by bending the material, at least within the range 

of this investigation. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., October 7, 1955. 
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Figure 5 -- Representation of wire-cloth calibrations by 
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Figure 6.- Correlation of calibrations 
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Figure 15 •- Correlation of sintered-bronze calibrations based on Darcy's 
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